We treated 18 patients with congenital pseudarthrosis of tibia and 27 patients with acquired bone loss. Out of 18 cases of congenital pseudarthrosis of tibia the free vascularized fibular grafts (FVFGs) were performed in 16 cases and compression-distraction techniques in 2 cases. In patients with angular deformities and shortenings in the lower leg soft tissue distraction and correction were conducted. The mean soft tissue distraction period was 78.4 days, the length of bone defect 10.7 cm, the mean operative time 3.2 hours, and primary bone healing achieved in 12 cases.
comminution and even extrication of bone fragments. Secondary bone defects result from excision of pathological tissue. Pathologic processes involving the skeleton may be congenital, as in congenital pseudarthrosis of the tibia, or acquired, as in aseptic and septic nonunions, osteomyelitis and bone tumors [1] . Congenital pseudarthrosis of the tibia has an incidence of approximately one in 250,000 live births [2] . Once a true pseudarthrosis of the tibia develops, it cannot be expected to heal when treated by casting or bracing alone. Resection of the pseudarthrosis with reconstruction using a free vascularized bone grafts also has been described with good results [3] . Good preliminary results were also reported with the Ilizarov technique.
Nonunions are estimated to occur in 2% to 15% of all tibial fractures. The development of a tibial nonunion is closely related to the type and severity of the injury, but other factors may play a role, such as degree of fracture comminution, open fracture, degree of soft tissue injury, medical comorbidities, and patient lifestyle (tobacco use, nutritional status, medications). The free vascularized fibular graft (FVFG) is the one that has found the most widespread application in the management of large skeletal defects and will be reviewed in detail. It was not until 1975, that free transfer of a vascularized fibular graft using microvascular techniques became possible and was reported by Taylor et al. [4] . Approximately 3 months are necessary for incorporation of a graft in the upper extremity. In the lower extremity 4-5 months may be needed, with considerably earlier union, even in 2 months, in young patients operated for congenital pseudarthrosis of the tibia [1] . Finally, vascularised autografts are able to undergo hypertrophy resulting in increased strength. Unfortunately, the strength of a vascularized fibular flap may be insufficient until hypertrophy occurs. This has been reported to occur on average 18 months after surgery. The Ilizarov external fixator is a labor-intensive, but very effective, tool in the treatment of nonunions. It is especially useful in nonunions associated with defects, shortening, and deformities.
More traditional pin external fixators, using the Ilizarov principles, also can be used in the management of nonunions, especially when complicated by infection [5] [6] . We treated large bone defects using both the FVFG and compression-distraction technique by Ilizarov external fixator to compare their efficacy.
Materials and Methods
We treated 18 cases with congenital pseudarthrosis and 27 cases with acquired large bone defects between 1998 and 2015. There were 13 males and 5 females among cases with congenital pseudarthrosis of the tibia and their average age was 7.4 (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . Among them, 16 cases were treated using the FVFG and 2 cases using the compressiondistraction technique by Ilizarov external fixator. There were 11 cases (61.1%) with diagnosis of neurofibromatosis among them. All the patients had shortenings of affected limbs which were 7.8 cm (4-15 cm) and angular deformities of 25-45 degrees (in average 33 degrees) together with anterior bowling at the level of pseudarthrosis.
The Boyd classification of congenital pseudoarthrosis of the tibia was performed based on initial X-ray film [2] . 13 cases belong to Boyd II type, 5 cases to Boyd III type and all cases with neurofibromatosis belong to Boyd II type.
The compression-distraction technique by Ilizarov apparator was performed in 2 cases with two-site angular deformities and disalignment who had several conventional operations. In the group of the FVFG the unilateral J Orthop Sports Med 2019; 1 (3): 066-077 DOI: 10.26502/josm.5115008
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external fixator was used in 11 cases and intramedullary nailing in 5 cases. In all the patients with congenital pseudarthrosis, soft tissue lengthening and correction of angular deformities were performed by bilateral or Ilizarov external fixator before the FVFG and the lengthening was done 1-2 cm longer than the normal limb. In case of considerable shortening of the operated limb after bone union compared to normal limb, additional lengthening was performed. In case of nonunion or partial bone absorption although enough healing period passed, the compression and secondary distraction were performed.
There were 20 males and 7 females among cases with acquired large bone defects and their average age was 27.9 These injuries were not related with procedures by external fixator but with initial damages and iatrogenic injuries.The Ilizarov external fixator is applied to the affected limb, one or two 2 mm wires are transfixed through the proximal and distal fragments with wires tensioned by a calibrated wire-tensioning device and distraction is performed less than 1mm per day along the direction of the limb.
Result of Study

Congenital pseudarthrosis of tibia
The duration of elongation of soft tissue before performing the FVFG was 78.4 days in average and at this time the 
Acquired bone defect
Initial bone healing was achieved in all cases of the FVFG and the period of bone healing ranged from 3.5 to 10 months. The period of hypertrophy in tibia ranged from 7 to 22 months. The younger the patient, the faster the hypertrophy and in elder patients the hypertrophy was late and also the period of complete weight bearing was late.
In the follow-up period up to 4 years the period of complete weight bearing was 14 months in average (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) months). In one case, stress fracture occurred 3 years after the FVFG and healed by external fixator.
The group of compression-distraction treatment by Ilizarov apparatus includes 13 tibial (5 cases with present osteomyelitis) and 2 femoral defects. The size of bone defect was 5. Med 2019; 1 (3 
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Discussion
A skeletal defect represents loss of osseous tissue, which alters the anatomy and architecture, the biomechanical properties and the functional ability of the affected bone [1] . Congenital pseudarthrosis is a specific type of nonunion that at birth is either present or incipient. Congenital pseudarthrosis most commonly involves the distal half of the tibia and often that of the fibula in the same limb [2] . In the past congenital pseudarthrosis of the tibia was treated by bone grafting or amputation. Osseous union is more difficult to obtain in this condition. In congenital anomalies, the soft tissues are the greatest obstacle to lengthening. Generally, this surgical intervention should precede skeletal maturity since the soft tissues are more resistant to lengthening later. Vascularized fibular grafts may be indicated for pseudarthroses with gaps of more than 5 cm and for pseudarthroses in which multiple surgical procedures have failed [7, 8] . The use of free vascularized fibular grafts has been advocated by some for treatment Med 2019; 1 (3) : 066-077 DOI: 10.26502/josm.5115008
J Orthop Sports
Journal of Orthopaedics and Sports Medicine 74
of osteonecrosis of the femoral head [9] [10] [11] . Others have used it to treat bone defects associated with tumor resections [7, 12, 13] .
The straight configuration and the anatomic size and shape of the fibula make it match exactly the forearm bones and fit into the medullary canal of the humerus, the femur and the tibia. Therefore, it constitutes an ideal graft for extremity reconstruction. A posterior approach for graft harvesting was originally described by Taylor, but the lateral approach, as described by Gilbert, has found widespread application. Stabilization of the fibula can be accomplished by a variety of osteosynthesis techniques. Osteosynthesis techniques that have been employed include plate, external and intramedullary fixation. Furthermore, hypertrophic bone fractures have been reported and therefore some advocate protecting the vascularised fibular flap in the lower limb for the first few years after implantation [9, 12, 14] . The Ilizarov external fixator continues to be an effective and versatile method for treatment of difficult nonunions complicated by complex deformity, infection, and bone loss [10, 11, 15] . One advantage of external fixation is that it is relatively noninvasive and does not disturb soft tissues surrounding the nonunion.
Because of the frequency of infection in tibial nonunions, external fixation is an attractive option. External fixation allows correction of multiple deformities and bridging of large fracture gaps by bone transport techniques [16] .
High rates of union have been reported with the Ilizarov method, especially in complicated nonunions. The union rate of vascularized fibular graft is reported in the literature to be 74-100% [17] . The period of union in our patients who obtained primary union was 7.3 months in average, which coincides with data that vascularized fibular graft healed within 10 months. The period of full weight bearing is 12.8 months and early recovery is possible. The failure rates of vascularized fibular graft are reported in the literatures to be 15.4%. Postoperative complications are not avoidable and include fractures, pseudarthrosis and infections [18] [19] [20] [21] [22] [23] [24] . In our study, pseudarthrosis and partial bone absorption developed in 25% of patients. The period of bone healing in patients with these complications ranged from 16 months to 26 months and was significantly longer than in patients who obtained primary healing.
Other complications include malunion (32.2%), equinovarus (18.7%) and temporary peroneal nerve palsy (12.5%) and they were treated by rehabilitations and surgical techniques. The rate of stress fracture ranged from 7.7% to 40%.
We applied stabilizations including casts after removing the external fixators and allowed full weight bearing when the hypertrophy of the graft reached the bone thickness of the recipient area. During the follow-up from one and half to 5 years the rate of stress fracture in our study was 37.5% and 2 refractures occurred in 2 cases. In 6 cases limblength discrepancy developed during growth and distraction by Ilizarov apparatus performed. The treatments of congenital pseudarthrosis by compression-distraction technique are reported and techniques such as compressiondistraction technique of pseudarthrosis sites and distraction after corticotomy of proximal tibia are widely used. The mean treatment period was 5.6 months and angular deformities at pseudarthrosis sites were fully corrected [25] . The mean treatment period in 2 cases with pseudarthrosis we treated was 15 months and 21 months, respectively, and it is thought to be due to severe osteoporosis and longer period of bone formation and consolidation. The FVFGs in Med 2019; 1 (3) : 066-077 DOI: 10.26502/josm.5115008
J Orthop Sports
Journal of Orthopaedics and Sports Medicine 75
patients with acquired bony defects showed better results and more rapid bone healing compared to patients with congenital pseudarthrosis [26] [27] [28] [29] . On the contrary hypertrophy took a longer time and overall longer treatment time.
It is sure that there are some differences as per the age.
The history of pseudarthrosis in patients with acquired bony defects ranged from 5 to 10 years and full weight bearing and recovery of working ability gained in 74.8% of patients treated by Ilizarov technique. According to the literature, the bony defects ranging from 1 to 23 cm have been treated by Ilizarov apparatus with no deformity and limb shortening and good functioning in 85-91% of patients obtained and treatment period ranged from 9 to 16 months. The most important early complications in our study include angular deformity and equinovarus and late complication was stress fracture. Bone formation depends greatly on nutritional status and appetite, which are important factors to determine treatment results. The FVFG in young patients with bony defects including congenital pseudarthrosis is effective option, and Ilizarov technique is reliable and useful treatment for patients with complex deformities including infective bone defects and pseudarthrosis.
